Context and objective: Arterial stimulation and venous sampling (ASVS) is an important technique for localizing insulinoma. The principle behind ASVS is that insulin secretion is promoted from insulinoma cells by the injection of calcium into the insulinoma-feeding artery. However, the mechanism for ASVS-induced insulin secretion remains unclear. Both insulinoma and familial hypocalciuric hypercalcemia (FHH) are rare diseases. This study reports on a case in which both of these diseases occur concurrently. Design and patient: The patient with FHH also suffered from insulinoma. We reasoned that insulin secretion for ASVS is dependent on the calcium-sensing receptor (CaSR). ASVS was performed on this patient. The expression of the CaSR protein and corresponding mRNA were confirmed. Results: No significant changes in the plasma levels of insulin and C-peptide were observed during ASVS. The patient was clinically diagnosed as having FHH. We confirmed that a mutation in the CaSR gene was present in the genomic DNA of this patient and that there were no mutations in the multiple endocrine neoplasia type 1 gene. In addition, expression of both CaSR mRNA and CaSR protein was confirmed in the insulinoma samples. Conclusion: These results suggest that the CaSR gene is involved in ASVS-induced insulin secretion.
Introduction
Insulinoma is a pancreatic endocrine tumor associated with autonomous insulin secretion. The excess insulin secretion causes hypoglycemia. The local diagnosis of insulinoma is usually performed using imaging techniques such as computed tomography (CT), magnetic resonance imaging (MRI), and ultrasound. By contrast, arterial stimulation and venous sampling (ASVS) is an important technique for determining the localization of insulinomas (1, 2) . The ASVS method was originally reported by Doppman et al. in 1991 (1) , and there have been several subsequent reports of its success in localizing insulinomas (3, 4) . The principle behind ASVS is that insulin secretion is promoted from insulinoma cells by the injection of calcium into the insulinoma-feeding artery (5) . Nevertheless, the mechanism by which this is achieved remains unclear.
Kato et al. reported that the calcium-sensing receptor (CaSR) protein is expressed only on insulinoma cells and that this receptor is involved in the passage of calcium into the cell (6) . However, it was subsequently reported that the CaSR protein is expressed on the surface of both insulinoma and normal b cells (7) (8) (9) . Therefore, it was important to identify if different signaling pathways involving the CaSR protein exist in insulinoma cells (10) , although whether the CaSR protein represents the entry point for this pathway is still unclear.
A large number of different mutations in the CaSR gene have been identified in patients affected by the type of calcium resistance known as familial hypocalciuric hypercalcemia (FHH). This condition is typified by dysfunction of the CaSR protein and characterized by lifelong asymptomatic hypercalcemia. FHH is inherited in an autosomal dominant fashion with almost 100% penetrance. Thus, differential diagnosis with primary hyperparathyroidism is important. It is possible to diagnose FHH by measuring fractional excretion of Ca (FECa), which will be !1% in a subject with FHH (11) . Neonatal severe hyperparathyroidism has a homozygous mutation in the CaSR gene (12) . Both insulinoma and FHH are rare diseases, and there have been no reports of a subject with both diseases. Here, we demonstrate that a subject with FHH suffers from insulinoma and our results provide evidence that CaSR is related to insulin secretion in the insulinoma cell by ASVS.
Case report
A 64-year-old female was admitted to Fujita Health University Hospital because of unconsciousness, which was easily improved by administration of i.v. glucose. Plasma glucose, before the administration of i.v. glucose, was 22 mg/dl. Therefore, it was determined that her unconsciousness was due to hypoglycemia.
On admission, there were no abnormal findings upon physical examination or vital signs: she was 145 cm tall with a body weight of 55 kg and her body mass index was 26.1. Her blood pressure was 136/74 mmHg and she had a heart rate of 68/min.
Clinical laboratory findings after admission were as follows: red blood cells 419!10 4 /ml, hemoglobin 12.6 g/dl, hematocrit 40.2%, white blood cells 8500/ml; platelets 30.5!10 4 /ml; total bilirubin 0.7 mg/dl, total protein 8.6 g/dl, albumin 4.1 g/dl, aspartate aminotransferase 50 IU/l, alanine aminotransferase 25 IU/l, lactate dehydrogenase 208 IU/l, alkaline phosphatase 292 IU/l, creatine phosphokinase 87 IU/l, blood urea nitrogen 29 mg/dl, creatinine 0.8 mg/dl, total cholesterol 264 mg/dl, high-density lipoprotein cholesterol 35 mg/dl, triglycerides 125 mg/dl, Na 138 mg/dl, K 5.1 mg/dl, Cl 105 mg/dl, Ca 10.6 mg/dl, P 3.5 mg/dl, ionic Ca 2.90 mg/dl, Mg 2.3 mg/dl, intact parathyroid hormone (PTH) 84.6 pg/ml (normal range 11-66 pg/ml), urinary Ca 8 mg/day, FECa 0.384%, intact PTH-related protein not detected, fasting plasma glucose 45 mg/dl, insulin 16.7 mU/ml, C-peptide 6.5 ng/ml, and negative antiinsulin antibody.
Fajans' ratio and Turner's ratio, which are indices of endogenous hyperinsulinemia in insulinoma, were 0.37 and 111 respectively (i.e., positive results determined by both indices).
CT scan of the abdomen disclosed a 15 mm!35 mm tumor in the body of the pancreas and multiple metastases in the liver (Fig. 1) .
The ASVS test was performed according to the method of Doppman et al. (1) preoperatively. Briefly, a sampling catheter was placed transfemorally in the right hepatic vein. After standard angiography, the following arteries were catheterized; gastroduodenal artery (GDA), splenic artery (SA), superior mesenteric artery (SMA), and hepatic artery (HA). Each artery was stimulated with calcium gluconate (0.025 mEq Ca 2C /kg). Blood samples from the right hepatic vein were taken before and at 30, 60, 90, and 120 s post-injection to measure insulin, C-peptide, and plasma glucose levels. There was no hypoglycemia during the operation.
Changes in the levels of insulin and C-peptide during ASVS are shown in Fig. 2 . The serum insulin levels changed from 80.3 to 133.3 (1.66-fold) at the proximal GDA, 96.7 to 123.4 (1.27-fold) at the distal GDA, 101.3 to 132.7 (1.30-fold) at the distal SA, 86.5 to 117.6 (1.40-fold) at the proximal SA, 79.7 to 123.1 (1.54-fold) at the SMA, and 76.4 to 124.8 (1.63-fold) at the HA respectively.
It is reported that a greater than two-fold step-up in insulin level within 120 s after injection of intra-arterial calcium is clinically required to indicate the presence of an insulinoma (1, 3, 13, 14) . Therefore, there were no significant peaks of insulin or C-peptide during the ASVS.
Operation methods and pathology for surgical specimens
The following operations were performed: resection of the pancreatic body and tail and seven partial resections of the liver. Malignant insulinoma and liver metastasis: 
Study methods
This study was approved by the ethics committee of Fujita Health University School of Medicine. Informed consent was obtained from the patient for the use of samples for research purposes.
Molecular genetics study
The subject was screened for mutations in the exons, flanking introns of the genes encoding CaSR for FHH and menin for multiple endocrine neoplasia type 1 (MEN1), by direct sequencing of PCR products. All the primers used were either as published previously (12) or, in the case of MEN1, as available on the NIDDK home page (http://www.niddk.nih.gov).
RNA isolation and the detection of RNA for CaSR gene by real-time PCR Total RNA was isolated from the tissues using RNeasy Protect mini kit (Qiagen). ThermoScript RT-PCR system (Invitrogen) was used for the synthesis of cDNA. The CaSR TaqMan probe was purchased from Applied Biosystems (Foster City, CA, USA). Real-time PCR was done using the ABI PRISM 7700 system (Applied Biosystems). The internal control used was a TaqMan probe for actin (ATCB). The expression level of the CaSR gene is shown by the ratio CaSR/ATCB. The control RNAs for both pancreatic and kidney tissues were purchased from BioChain Institute Inc. (Hayward, CA, USA).
RT-PCR for the detection of CaSR mutations in RNA from pancreatic and liver samples
The primer set was designed to amplify the region between exon 3 (5 0 -ttcccaacttgacgctgggatac-3 0 ) and exon 4 (5 0 -gctgttgctaaacctgtcgc-3 0 ) of CaSR. The fragment of CaSR cDNA from total RNAs from the samples was synthesized by AccessQuick RT-PCR system (Promega Co). Direct sequencing was done using the ABI PRISM310 Genetic Analyzer (Applied Biosystems).
Western blot analysis
The biopsy (operative) tissue samples from the pancreatic tumor and the liver metastases were stored at K80 8C until analyzed. Both the samples and the molecular weight standards were electrophoresed through 7.5% SDS polyacrylamide gels (c-PAGEL, ATTO, Tokyo, Japan) and transferred to nitrocellulose membranes (Hybond-P, Amersham Biosciences). The primary antibody used was rabbit anti-CaSR polyclonal antibody (Chemicon, Temecula, CA, USA), and the secondary antibody was peroxidase-labeled anti-rabbit antibody. The fluorescence was confirmed using the ECL advance Western Blotting Detection Kit (Amersham Biosciences) on the LAS1000 (Fujifilm, Tokyo, Japan).
Immunohistochemistry
Tissue derived from the pancreatic tumor and liver metastases were immersed in 10% formalin in PBS immediately after excision, fixed overnight, embedded in paraffin, and then sections of 5 mm thickness were prepared. Section of parathyroid purchased from BioChain Institute Inc. was used as a positive control. Immunohistochemistry was carried out using the Envisionsystem-horseradish peroxidase (HRP) labeled polymer kit (DakoCytomation Inc., Carpinteria, CA, USA) according to the following protocol.
The sections were deparaffinized in xylene and then the tissue was rehydrated through descending strengths of ethanol, down to water. Antigen retrieval was performed in the Terget retrieval solution (DakoCytomation Inc.) for 5 min at 95 8C. To quench the endogenous peroxidase activity, sections were incubated in a solution of 0.03% hydrogen peroxide for 5 min and then incubated with rabbit anti-CaSR polyclonal antibody (Affinity BioReagents, Golden, CO, USA) diluted 1:100 with Tris-based buffer, containing 50 mM Tris (pH 7.6) and 150 mM NaCl, for 30 min at room temperature. As a negative control, anti-CaSR antibody was replaced by preimmune rabbit immunoglobulin (IgG). Binding of anti-CaSR antibody was detected with HRP-labeled polymer conjugated to antirabbit IgG (DakoCytomation Inc). Immunostaining was developed by immersion in 0.05% 3.3 0 -diaminobenzidine chromogen solution and then counterstained with Mayer's hematoxylin.
Results

Molecular genetic study
No mutation was detected in the menin gene for MEN1. Sequence analysis of the CaSR gene in genomic DNA showed a heterozygous G-to C-point mutation at position 961, resulting in an amino acid substitution of proline for alanine at codon 321 ( Fig. 3a and b) . The same mutation was present in the subject's daughter, whose clinical data was as follows: Ca 10.9 mg/dl, P 3.3 mg/dl, ionic Ca 3.12 mg/dl, intact PTH 58 pg/dl, and FECa 0.672% respectively.
The same mutation was present in both the patient and her daughter, and both were clinically diagnosed as having FHH. Therefore, this mutation may be a cause of the FHH in both the patient and her daughter.
Real-time PCR for expressing CaSR mRNA
The CaSR/ACTB ratio from the insulinomas of the pancreas and liver metastases were 2.08 and 2.65 respectively; those of normal kidney and pancreas were 2.20 and 1.00 respectively.
RT-PCR for detecting CaSR mutation in the mRNA of tumors
To confirm the expression of mutant CaSR mRNAs, tissue from both the pancreatic tumor and the liver metastases was examined by RT-PCR. The 899 bp PCR product from exon 3 to exon 4 for CaSR was synthesized. The amplified product did not contain intron 3 (Fig. 3c ) and the same mutation was present in both tissue samples.
Western blot analysis for the detection of CaSR protein
Western blot studies confirmed the expression of a 120 kDa protein that cross-reacted with the anti-CaSR antibody in the tissue samples from both the pancreatic tumor and liver metastases. However, expression levels of this protein were lower in the pancreas sample than in the liver metastases samples (Fig. 4) . In addition, we also confirmed the expression of CaSR protein using immunohistochemical analysis. The pancreatic tumor was immunoreactive with anti-CaSR antibody ( Fig. 5(a) ). In addition, the liver metastases were also stained ( Fig. 5(c) ). Negative control samples treated with preimmune rabbit IgG instead of anti-CaSR antibody were unstained (Fig. 5(b) and (d) ). As a positive control, parathyroid tissue was stained using the anti-CaSR antibody (Fig. 5(e) ). As can be seen in the figures, the staining of the liver metastases was intense compared with that of the pancreatic tumor.
Discussion
The patient we report here was suffering from both FHH and insulinoma concurrently.
The daughter of the patient also suffered from the same form of hypercalcaemia. Therefore, we reasoned that the hypercalcaemia might explain the FHH. There was no pituitary adenoma in the MRI. No mutation in the menin gene was found in the genetic test and there was no family history of this disease. Therefore, we excluded MEN1.
If insulinoma cells showed a poor response to calcium injection, this may indicate that the mechanism for insulin secretion by ASVS was linked with the CaSR protein. This case is important because the insulinoma with the mutant CaSR gene showed a poor response following ASVS, thereby indicating that signaling via the CaSR gene is probably associated with ASVSinduced insulin secretion. However, calcium infusion did not stimulate insulin secretion from an insulinoma in every patient, even in the absence of FHH. Therefore, the negative ASVS test observed in the present study does not necessarily indicate that the mutation of CaSR is responsible for the observed phenomenon.
Despite the fact that insulin secretion was not completely suppressed, the mechanism indicates that the subject was heterozygous for a mutation in the CaSR gene. The fact that the subject had hypercalcemia as well as MEN1 before the ASVS test did not seem to have an effect on the secretion of insulin (14) . 
